Structural similarity between a viral protein and a self-component can trigger an autoimmune response, which is the basis of molecular mimicry. Alternatively an invading virus can induce an inflammatory response which in turn can initiate an attack by hitherto dormant T ceils on a specific self-antigen, a phenomenon which is referred to as Bystander Activation. Several viruses share amino acid sequences with target self-proteins. A widely studied viral interaction is the structural mimicry of a small portion of coxsackie virus to a specific region of the enzyme glutamic acid decarboxylase (GAD) which is expressed by the 13 cells of the islet of Langerhans in the pancreas leading to the destruction of insulin producing cells and the onset of Type I insulin dependent diabetes mellitus (IDDM). Knowledge of specific epitopes in GAD susceptible to autoimmune attack can permit devising therapeutic strategies for the prevention and suppression of IDDM.
INTRODUCTION
In 1968 George Snell first used the term molecular mimicry to explain persistent viral infections. An interaction between the major histocompatibility complex (MHC) which is a collection of genes on chromosome 6 coding for the human leukocyte antigens (HLA) and the viral protein with a similar amino acid sequence was suggested as the basis of molecular mimicry that apparently spares the virus from immune attack (1). In reality however, attack by a viral agent does trigger a specific immune response by the host which, in turn can cross-react with the structurally mimicked sequence in the host thus turning on the autoimmune response t'~at ultimately leads to the destruction of host target cells and tissue.
Genesis of Molecular Mimicry
The primitive T cell produced by the bone marrow is processed by the thymus where only those T cells that can recognize and bind to the peptide sequence presented by the MHC are selected while those cells which either do not recognize the MHC peptide or which are strongly self reactive are removed (2). This process of positive and negative selection of primitive T cells presented to the thymus results in barely 1% of the primitive T cells reaching maturity, while 99% of them are removed by apoptosis or programmed cell death. The mature T cell is equipped with a cell surface receptor containing the marker CD3 together with either CD4 or CD8 as an accessory molecule. The process of thymic selection still leaves some T cells that are self-reactive. These self-reactive T cells could conceivably be activated by a virus bearing structural sequences similar to the MHC derived peptide sequence. These activated T cells can mount an autoimmune response against the host target cells of tissue bearing structural similarity to specific regions of an invading pathogen (3). The interplay between 1.) MHC which selects T cells in the thymus, 2.) the invading pathogen such as viruses, bacteria, and foreign antigens such as food, which triggers immune response and 3.) host target cell or tissue susceptible to attack by self reactive T cells represents a three way molecular mimicry between peptide sequences of these three groups (3).
Bystander Activation
An alternative concept of autoimmunity is based on events that are triggered subsequent to the inflammatory response induced by viral infection. Cytokines are released by antigen presenting cells such as macrophages which can activate dormant self reactive T cells to attack self antigens in target tissue that were previously ignored. The inflammatory process could facilitate this autoimmune attack by activated self-reactive T cells by the release of self-antigens by target tissue during the inflammatory process (4,5).
Microbial Sequence Mimics of Target Sequences
Several examples of microbial protein mimics with host target sequences have been reported in literature. For instance in ankylosing spondylitis the link between the microbial organism Klebsiella pneumoniae and HLA B27 is due to the identical amino acid sequence (QTDRED or glutamine, threonine, aspartic acid, arginine, glutamic acid, and aspartic acid) found in the nitrogenase protein of Klebsiella pneumoniae and the amino acids 72-77 in the HLA B27(6).
In celiac disease which is characterized by small intestinal muscle injury and malabsorption there is an 8 amino acid" identity between EIb protein of adenovirus 12 present in the intestinal tract and the A-gliadin protein of wheat gluten (1).
The fact that the amino acid sequence 63-67 of 13-casein is identical to residues 415-419 of the 13 cell specific glucose transporter-2 (GLUT-2) makes reduced breast feeding time and early feeding of cow's milk to babies a risk factor for diabetes. Indeed autoantibodies to GLUT-2 have been demonstrated in a great majority of patients with recent onset insulin dependent diabetes mellitus (IDDM) (3).
Studies linking coxsackie virus and IDDM have revealed a relationship between the enzyme glutamic acid decarboxylase (GAD) which is expressed in the 13 cells of the pancreas and coxsackie viral protein (7,8). The function of the enzyme GAD which is also expressed in the brain is to catalyze the formation of the neurotransmitter y amino butyric acid (GAB).
The 40-kD coxsackie virus P2-C protein (COX P2-C) which is involved in viral replication and the 13 cell 65 kD enzyme GAD (GAD 65) share a stretch of 6 identical amino acids with antibodies to the COX P2-C and GAD 65 cross reacting with each other (8). Indeed a three way molecular mimicry concept mentioned earlier exists between HLA DR4 which displays the processed peptide of the 13 chain of HLA DQ, coxsackie viral coat peptides and an enzyme carboxypeptidase H expressed within the 13 cells which serves as the target autoantigen (3,9).
Diabetes Model of Autoimmunity
Non-cbese diabetic (NOD) mice have provided a model for the study of IDDM. Studies with NOD mice have implicated the T-helper 1 (Thl) response in the autoimmune attack against 13-cells (10). The stimulation of the Thl subset of T-cells begins when the macrophages or other antigen presenting cells process a 13-cell protein and express it in a complex with MHC class II molecules on the macrophage surface. The processed 13-cell protein in effect serves as an autoantigen (13-AG). Thl subset of T-cells are primarily activated by, 13-Ag-MHC II complex and other accessory molecules such as B7 on the surface of the macrophage. In addition, the cytokine interleukin 12 (IL-12) elaborated by the macrophage activates Thl cells. Thl cells, in turn, produce the cytokines IL-2 and interferony (IFN-y) which serves to inhibit the Th2-cell subset response and the generation of cytokines IL-4 and IL-10. Thus there is a cytokine imbalance in IDDM favoring the release of cytokines produced by Thl-cell subset and inhibiting the release of cytokines produced by Th2-cell subset (10) . Thlcell subset derived cytokines IL-2 and IFN-T activate cytotoxic macrophages to produce oxygen free radicals, nitric oxide and cytokines IL-1 and tumor neurosis factor-o{ (TNF-c0 which attack 13-cells. IL-2 and 1FN-T also activates the cytotoxic T-cell which in addition to secreting the cytokines TNF-13 and IFN-y which attack the 13-cell also recognizes the 13-cell autoantigen in complex with MHC-I on the surface of the 13-cell leading to its destruction (10) . Thus the hallmark of IDDM is an inflammatory infiltrate of pancreatic 13 cells producing a lesion called insulitis (11) . Contributing to this lesion are not only the products elaborated by the macrophages and Thl cells but also other cells in the pancreatic islet area such as vascular endothelial cells which produce cytokines 1L-1 and IL-6 and attract from the circulation macrophages and lymphocytes into the pancreatic islet by expressing adhesion molecules on its surface in response to inflammatory cytokines such as IL-1, TNF and IFNy (12) . Even endothelial cells could function as antigen presenting cells and p,'esent 13-cell autoantigen in conjunction with MHC II Complex to T cells (13) . Thus the components that make up the insulitis lesion are CD4 and CD8 positive T lymphocytes, macrophages, natural killer cells and a variable number of B lymphocytes (11) . MHC Class II loci DRB1 and DQB1 on chromosome 6p21 are strongly linked to the genetic risk for IDDM (14) . In more than 95% of childhood-onset IDDM Caucasian patients the HLA DRB1 alleles DRB103 or DRB104 or both (called DR3 and DR4) are present in contrast to its presence in only 45-55% in the general population. The heterozygote DR3/DR4 presents the greatest risk for IDDM (14) . Alleles which code for an amino acid other than aspartate at codon 57 at the DQB1 locus represents an increased risk factor for IDDM in white Caucasians. The DR3 allele presents a risk for IDDM due to its association with DQA1 alleles that code for arginine at codon 52 such as DQA10501. The fact that DR4 alleles represent a risk is primarily related to its association in a haplotype with the DQB10302 allele that codes for alanine at codon 57 and is found in greater than 70% of DR4 haplotypes in juvenileonset IDDM (14) .
Therapeutic Strategies for IDDM
Since the activation of Thl-cells results in autoimmune attack on the pancreatic 13 cells the inhibition of the Thl-cell subset response by activation of the Th2-cell subset can spare the 13-cells from autoimmune attack.
The fact that GAD 65 is a 13-cell autoantigen which is attacked subsequent to activation of Thlcells, the administration of GAD 65 is a therapeutic strategy to inhibit Thl-cell subset and turn on the Th2-cell subset response (10) . The administration of GAD 65 in effect would suppress the autoimmune response by activating Th2 subset of T cells. The cytokines I L-4 and I L-10 elaborated by Th2-cetls can suppress Thl-cell subset response and in turn the release of Thl-cell cytokines IL-2 and IFNy. Without the latter two cytokines (IL-2 and IFNy) the cytotoxic T-cell and macrophage functions are inhibited thus sparing the 13 cell from autoimmune attack. In addition IL-12 release by macrophages is inhibited by IL-10 thus further inhibiting Thl-cell activation (10) . Thus the net effect of immunostimulatory intervention by the administration of GAD is to spare the 13 cell from an attack by the immune system by recognizing the ~3 cell antigen as a self component.
Epitopes of GAD 65 differ in their ability to induce Th2-cell subset response in NOD mice and in turn prevent overt IDDM (15) .
The administration of GAD epitopes corresponding to amino acids 217-236 (p217), 247-265 (p247), 290-309 (p290), and 524-543 (p524) to NOD mice before the onset of insulitis were all effective in preventing the subsequent development of insulitis and diabetes. However, in NOD mice which had developed extensive 13 cell autoimmunity on!y a mixture of p217 and p290 GAD epitopes were effective in preventing progression of insulitis and the development of overt IDDM (15) . However GAD epitope therapy was ineffective in NOD mice which had diminished IL-4 expression, since this cytokine elaborated by Th2-cells is critical tO inhibiting the Thl-cell response that in turn will spare the 13 cell from autoimmune attack.
Assay for GAD 65 CONCLUSION
Since antibodies to GAD 65 are seen in nearly 80% of recent-onset IDDM patients long before the appearance of clinical symptoms an assay for this marker will be helpful to identify patients at risk for IDDM among patients with impaired glucose tolerance, so that they can be treated to prevent insulitis and diabetes.
A immunoprecipitin assay has been used for the detection of GAD 65 autoantibodies in serum (16) . In this double-antibody radioimmunoassay (RIA) 12Sl labeled-recombinant (r) GAD protein was used as the antigen, and the immune complex formed when this antigen was incubated with GAD 65 autoantibody present in serum, was precipitated with an immunoprecipitant mixture of IgG and IgM The radioactivity of the pelleted and washed immunoprecipitate was measured in a gamma counter. Since this assay was also positive in patients with thyrogastric cluster of autoimmune disorders such as Grave's disease, Hashimoto's thyroiditis and pernicious anemia, an assay for a pancreatic islet specific marker such as a putative tyrosine phoshatase would be a valuable adjunct to the GAD 65 antibody assay for identification of normal subjects at risk for IDDM (16) .
Microbial amino acid sequence identity with human host proteins in target tissues lends credence to the microbial molecular mimicry concept of autoimmunity. However, recent studies using coxsackie virus indicate that the autoimmune response leading to IDDM could result from an inflammatory response from viral infection and tissue damage causing release of a sequestered 13 cell antigen. This could conceivably activate dormant self-reactive T cells to attack the host's 13 cells which is in line with the concept of bystander activation (4,5,17).
It is in the realm of future research to further elucidate the exact interplay between the pathogen and host tissue antigen in the genesis of autoimmune disease, so that appropriately refined therapeutic strategies can be devised for effective treatment.
Finally, whether there is also an autoimmune connection between the enzyme aldose reductase and the diabetic complications that it introduces is an exciting area to explore as well as the genesis of gestational diabetes (18, 19) .
